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ABSTRACT 
 
AVO (amplitude versus offset) is a seismic 
manipulation applied in the reflectivity domain that 
can be used to analyze hydrocarbon and lithologic 
anomalies. Additional analyses are frequently 
required. For example, Extended Elastic Impedance 
(EEI) has been found to be an effective 
discriminator in terms of lithology and fluid 
separation. Another useful concept is fluid 
substitution in rock physics modeling to analyze the 
response to different fluid types. 
 
In this study, we performed rock physics modeling 
on three wells, then determined the optimum 
projection for separating lithology (sand-shale), and 
fluids (brine-gas) in a Mesozoic reservoir. Gradient 
Impedance (EEI 90o) gave the optimum projection 
for lithology separation, while the optimum 
projection for fluid separation occured in EEI 20o. 
Destructive wavelet interference between the top 
Mesozoic reservoir and top seal on seismic data 
affected the AVO responses hence a top reservoir 
response could be achieved only from high-
frequency synthetic angle gathers. These responses 
indicate an AVO change from Class II to Class III 
as gas saturation increases. The 'Coloured Inversion' 
method was applied to the data to transform seismic 
reflectivity to Acoustic Impedance (AI). 
 
INTRODUCTION 
 
Reservoir characterization is a process of defining 
reservoir properties using all available data, 
qualitatively and quantitatively (Sukmono, 2000). 
Effective reservoir characterization requires a tool 
to identify rock properties based on effects caused 
by lithology and fluid content. One method that 
provides effective results is rock physics modeling. 
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Acoustic Impedance (AI) aids in reservoir 
characterization, but does not yield information 
relative lithology and fluid separation. This is 
because AI is a function of compressional velocity 
(Vp) and density (ρ) only. Cross plots between AI 
and Gradient Impedance (GI), which is a function 
of Vp, Vs (shear velocity) and , were expected to 
be an effective way to solve this problem. Extended 
Elastic Impedance (EEI) was defined to range 
between AI and GI controlled by the variable 
angle, which is related to angle θ, where θ is the 
angle of incidence at the target horizon. Thus, it can 
be said that EEI is a projection in the AI GI domain 
(Whitcombe and Fletcher, 2001). 
 
In this study, we performed rock physics modeling 
and crossplot analysis of the well data to determine 
the optimum projection for lithology and fluid 
separation. We then analyzed the reliability of 
existing seismic data to characterize the reservoir by 
observing consistency of AVO responses between 
well data and seismic data. ‘Coloured Inversion’ 
was then applied to the seismic data to generate an 
AI Volume. The results of the inversion were 
expected to provide a prediction of the actual 
subsurface conditions. 
 
THEORY AND METHOD                  
 
Fluid Substitution 
 
Fluid substitution provides a tool for fluid 
identification and quantification within a reservoir 
and is an important element in seismic rock physics 
analyses. The objective of fluid substitution is to 
model the seismic properties (seismic velocities and 
density) of a reservoir at given reservoir conditions 
(pressure, temperature, porosity, mineral type, and 
water salinity) and pore fluid saturation such as 
100% water saturation or hydrocarbon with only oil 
or only gas saturation (Kumar, 2006). Biot and 
Gassmann (1941.1951, op. cit. Krief. et.al, 1990) 
developed a more correct theory of wave 
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